We note that the two body nonleptonic pure tree decays
Introduction
Despite many attempts, CP violation still remains one of the most outstanding problems in particle physics [1, 2] . The standard model (SM) with three generations provides a simple description of this phenomenon through the complex Cabibbo-Kabayashi-Maskawa matrix [3] . Decays of B mesons provide rich ground for investigating CP violation [4, 5] . They allow stringent tests both for the SM and for studies of new sources of this effect. Within the SM, the CP violation is often characterized by the so-called unitarity triangle [6] . Detection of CP violation and the accurate determination of the unitarity triangle are the major goals of experimental B physics [7] . Decisive information about the origin of CP violation will be obtained if the three angles α(≡ φ 2 ), β(≡ φ 1 ) and γ(≡ φ 3 ) can be independently measured [8] . The sum of these three angles must be equal to 180
• if the SM with three generations is the model for the CP violation. These angles of the unitarity triangle can be loosely bounded from various low energy phenomenology. The angle β(≡ φ 1 ) can be measured in the gold plated mode B d → J/ψK s without any hadronic uncertainty. The angle α(≡ φ 2 ) can be measured from B → ππ mode but there is some penguin contamination. Still one can hope to perform the isospin analysis and remove the penguin contribution thereby extracting the angle α(φ 2 ) with reasonable accuracy [9] . The most difficult to measure is the angle γ(≡ φ 3 ). There have been a lot of suggestions and discussions about how to measure this quantity at B factories [10, 11] . In Ref. [10] the authors proposed to extract γ using the independent measurements of B → D 0 K, B →D 0 K and B → D CP K. However, for the charged B meson decay mode A(B − →D 0 K − ) is experimentally difficult to measure. The reason is that the finalD 0 meson should be identified usingD 0 → K + π − but it is difficult to distinguish it from doubly Cabibbo suppressed
There are various methods to overcome these difficulties. In Ref [12] Atwood et al used different final states into which the neutral D meson decays, to extract information of γ. In Ref. [13] Gronau proposed that the angle γ can be determined by using the color allowed decay modes
and their charge conjugation modes. In Ref. [14] a new method, using the isospin relations, is suggested to extract γ by exploiting the decay modes B → DK ( * ) that are not Cabibbo suppressed. Falk and Petrov [15] recently proposed a new method for measuring γ using the partial rates for CP -tagged B s decays. The angle γ can also be measured using the SU(3) relations between B → πK, ππ decay amplitudes [16] . Although this approach is not theoretically clean in contrast to the B → KD strategies using pure tree decays -it is more promising from experimental point of view. In Ref. [17] it is proposed that γ can be determined using the B → D * V (V = K * , ρ) modes. The decays of B c meson (cb andbc bound states) seem to be another valuable window for probing the origin of CP violation. Since large number of B c meson is expected to be produced at hadronic colliders like LHC or Tevatron, it is therefore interesting to examine the features of CP violation in B c mesons. In this paper we would like to discuss about the determination of angle γ from the pure tree nonleptonic decay modes
. Since all the final states are isospin 1/2 states, one expects the same strong FSI phases for all of them. Hence the uncertainties due to the presence of the notorious strong phases can be eliminated without any additional assumptions and γ can be determined cleanly. It has been shown recently by Fleischer and Wyler [18] that the B c counterpart of B ± → K ± D triangle approach be well suited to extract the angle γ.
The paper is organised as follows. In section II we present the method for the determination of the angle γ from the decay mode
. In section III we discuss the method of obtaining γ from the vector vector modes
. Due to the rich kinematics of the vector vector modes where the number of unknowns is much less than the number of observables, we expect that γ can be cleanly determined from these modes and possibly without any discrete ambiguities. Section IV contains our conclusion. 
where C 1 and C 2 are the Wilson coefficients with values evaluated at the bquark mass scale as [19] C 1 (m b ) = 1.13, and
(cb) =cγ µ (1 − γ 5 )b etc. are the usual (V − A) color singlet quark currents. The hadronic matrix elements of the four quark current operators i.e., D s D|H ef f |B c are very difficult to evaluate from the first principle of QCD. The usual way to evaluate these matrix elements for nonleptonic B-decays is to assume some approximation. Here we use the factorization approximation which factorizes each four quark matrix element into a product of two elements. In the naive factorization hypothesis only the factorizable contributions are considered. However the nonfactorizable amplitudes which cannot be calculated in the naive factorization approach are important for understanding the data. So the generalized factorization approach is assumed where these nonfactorizable contributions are incorporated in a phenomenological way: they are lumped into the coefficients a 1 = C 1 + C 2 /N c and a 2 = C 2 + C 1 /N c , so that now the effective coefficients a have isospin 1/2 both the amplitudes have same strong FSI phases. Thus the amplitudes for these decay modes are given as
where δ is the strong FSI phase which is same for both the processes. X and Y are the factorized hadronic matrix elements
Since V ub = |V ub |e −iγ the weak phase difference between the amplitudes
0 ) amounts to −γ and there is no strong phase difference between these two amplitudes, which is an extra bonus of these decay modes because there will be no uncertainty in the determination of γ due to the absence of relative strong phase in this case. To get a rough idea about the magnitude of the ratio of these decay amplitudes one has to know the value of the hadronic matrix elements X and Y . Here we use the ISGW quark model [20] where the matrix elements between two pseudoscalar mesons are given by
where q µ = (p Bc − p Ds ) µ . Using the decay constant for the pseudoscalar meson as
we obtain the ratio of the matrix elements as
The numerical values for the form factors obtained are
Now using f Ds = 0.24 GeV, f D = 0.2 GeV, |a 2 /a 1 | = 0.26 [21] and the ratio of the corresponding CKM factors |(V ub V * cs )/(V cb V * us )| = 0.4 we obtain the ratio of the decay amplitudes
Thus the two decay amplitudes here are of the same order in contrast to its counterpart B − u → DK − where r ≈ 0.1. Now let us write the amplitudes in a more generalized form i.e., in terms of their magnitudes, strong and weak phases
where A 1 and A 2 are the magnitudes of the corresponding amplitudes, δ is the strong phase and γ is the weak phase. These forms of the amplitudes give r = A 2 /A 1 . The amplitudes for the corresponding charge conjugate states are given as
The decay rates for the flavor specific states of D mesons are given as (disregarding the phase space factor)
Now from Eqs. (9) and (10) we can write the amplitudes for the decay of
¿From the two equations given in Eq. (12) one can construct two triangles with the common side A(B
and the angle (2γ) can be determined. This method is recently described by Fleischer and Wyler [18] . The advantage of this method is that here all sides of the two triangles are of comparable length giving rise to nonsquashed triangles.
However here we proceed in a different manner following the work of Ref. [13] . We consider the decay of B 
Now we define two charged averaged ratios for the two CP eigenstates
This equation can be written in a more generalized form as
from which one may get the constraint
The weak phase γ can be written in terms of R + and R − from Eq. (14) as
Thus the unknown γ can be easily determined in terms of R + and R − , of course with four fold quadrant ambiguities. The CP even (odd ) state can be identified by its CP even (odd) decay products. For instance the states
The advantage of these decay modes
− } is that there is no FSI strong phase difference in these decay modes since all these modes have only the isospin 1/2 final states. So these modes can in principle be considered as gold plated modes for the extraction of angle γ. As discussed by Fleischer and Wyler [18] one expects a huge number of B c mesons, about 10 10 untriggered B c 's per year of running. The predicted branching ratios for these decay modes are
So, we expect around 20 events per year at LHC for an overall efficiency of 10%. Hence it seems B c system may well contribute to our understanding of CP violation. [22] and in the linear polarization basis is given as [23] 1 Γ
where A ⊥ is the P wave decay amplitude, 
The rich kinematics of the vector-vector final state allows one to separate each of the six combinations of the linear polarization amplitudes in the above. The weight factors for the corresponding amplitudes can be determined as done in Ref [17] for B → V 1 V 2 → (P 1 π)(P 2 π) using the Fourier transform in φ and orthogonality of Legendre polynomial in cos θ and cos ψ. An observable can be determined from its weight factor W i , given in table-1, using
It should be noted that in this case the weight factors do not give identical results under the interchange of θ ↔ ψ as in the case of Ref. [17] . The amplitudes for B − c decays for a given polarization state is given as
Since both the final states D * − s D * 0 and D * − sD * 0 have isospin 1/2, we have taken same strong FSI phase δ λ for both the decay modes. The amplitudes for the corresponding charge conjugate modes can be obtained using Eq. (20), as
where x λ = −1 for λ =⊥ and +1 for λ = and 0. We now consider the decay of
meson further decaying to a common final state f . Generally for B decays f is chosen to be a Cabibbo allowed mode forD 0 while it is doubly Cabibbo suppressed for D 0 and in that case the ratio of the amplitudes |A(
. However in B c decays the ratios of the amplitudes is O(1), so here we take two possible cases : one as done in B case i.e. D 0 → f is doubly Cabibbo suppressed whilē D 0 → f is Cabibbo allowed and the other with f as a CP eigen state. Let us first consider the first case where f can be taken as K + π − . Neglecting the negligible mixing effects in the D 0 −D 0 system the amplitudes for the decays of B ± c to the final state f and its CP conjugate can be written as
where [X] M indicates that the state X is constructed to have invariant mass
and ∆ is the strong phase difference betweenD 0 → f andD 0 →f. Thus the measurement of the angular distribution for each of the four modes provides us with a total of twentyfour observables, six for each mode. These observables can be extracted experimentally using the weight functions. There are only thirteen unknowns in Eqs. (24) : R, ∆, γ, |V ub | and three variables for each a 24) is further reduced because there is no relative strong phase difference between D 0 → f andD 0 →f as f is a CP eigen state. So there will no longer be the strong phase difference factor (e i∆ ) in the expressions for the amplitudes (24). Furthermore, since f is chosen to be a CP eigenstate R is also no longer an unknown. It can be related to Br(D 0 → f ) through the experimentally determined CP rate asymmetries a CP (f ). Defining a CP (f ) as
which gives
Since a CP is very small i.e., a CP (K + K − ) = 0.026 ± 0, 03 and a CP (π + π − ) = −0.05 ± 0, 08, R can be taken as approximately 1.
Thus we have got rid of two more unknowns R and ∆ if we consider the common final state f to be a CP eigenstate. In this case the total number of unknowns are eleven which can be overdetermined with the twentyfour observables and possibly without any discrete ambiguity. 
which can not be observed in case f is chosen to be a CP eigen state. It is therefore interesting to see if there are other observables in the angular distribution which can provide useful information about CP violation even if partial rate asymmetries are zero. It is clear that the coefficientsα = −Im(A * A ⊥ ), γ = Im(A * 0 A ⊥ ) of the fourth and last terms in the angular distribution (19) , and similarlyᾱ andγ for B + c decay contain information about CP violation, even for cases where the two amplitudes have no relative strong phase difference. From Eqs. (24) we can obtain the following quantities which can measure CP violation as
where ρ = or 0. When ρ = we observe CP violation inα parameter and ρ = 0 corresponds toγ asymmetries. These CP violating observables do not require FSI phase differences and are especially sensitive to CP violating weak phases. Thus unlike
decays where direct CP violation can not be observed, where as in the corresponding vector-vector modes one can observe the signatures of CP violation. However the weak phase γ can be cleanly determined in both the cases.
Conclusion
In this paper we have discussed the determination of the angle γ from the pure tree nonleptonic B c decay modes
. For the former case we have followed the method of Gronau [13] . However the decay modes B For the vector-vector final states we have followed the method of Ref [17] . Because of no relative strong phase between the two interferring amplitudes the number of unknowns are much less than the number of observables. * 0 (D * 0 ) cleanly without any hadronic uncertainties (since, they are free from the presence of relative strong phase difference and penguin pollutions). Further, in the vector-vector modes the determination is even cleaner as the number of observables is much more than the number of unknowns and also possibly without any discrete ambiguities. Hence, these decay modes can in principle be considered as gold plated modes for the determination of the angle γ. 
